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A B S T R A C T
Recall food expenditure data, which is the basis of a great deal of empirical work, is believed to suﬀer from
considerable measurement error. Diary records are believed to be more accurate. We study an unusual data set
that collects recall and diary data from the same households and so allows a direct comparison of the two
methods of data collection. The diary data imply measurement errors in recall food expenditure data that are
substantial, and which do not have the properties of classical measurement error. However, we also present
evidence that the diary measures are themselves imperfect.
1. Introduction
Information on household food expenditure is crucial for a broad
range of economic and policy research, including research on con-
sumption and demand behaviour, and on living standards, poverty and
inequality. This is in part because there is a long tradition of treating
food consumption as a welfare measure, and because food expenditure
feeds into nutrition and health. Additionally, and more practically,
household surveys in developed countries that have a panel structure,
or that collect other important information from households, often
collect only limited expenditure information because of response load
considerations. Such surveys usually do ask a recall food expenditure
question. Well-known examples are the Panel Study of Income
Dynamics (PSID) in the U.S.,1 the British Household Panel Survey
(BHPS), and longitudinal surveys of aging such as the English Long-
itudinal Study of Ageing (ELSA) and the Survey of Heath Ageing and
Retirement in Europe (SHARE). Developing and middle-income coun-
tries are facing new social and economic challenges and those chal-
lenges make longitudinal and multiple-domain surveys critical inputs to
good policy making. A good example is population aging, and the China
Health and Retirement Longitudinal Study (CHARLS), ﬁrst ﬁelded in
2011, includes a simple recall question on expenditure for food con-
sumed at home.
Measurement error in expenditure data has been an important
concern of researchers who employ such data. Given the prominent role
of food expenditure data, measurement error in food expenditure data
is of particular interest. This paper provides new evidence on the extent
and character of measurement error in food expenditure data. Our
speciﬁc focus is a comparison of food expenditure measures obtained
from simple recall questions and from expenditure diaries, as the latter
have long been viewed as providing superior measures but come with
high respondent load.
The literature on survey response behaviour noted early on that
questions that require recalling quantities from memory are diﬃcult to
answer (Gray, 1955). There is now substantial evidence of ‘forgetting’:
that memory declines with the length of the recall period, leading to
under-estimation; see Sudman et al. (1996) for a review. The situation
is complicated by the fact that forgetting does not occur at random but
might be diﬀerential across respondents and types of questions. The
existing evidence on the measurement of consumption expenditure, and
on sources of measurement error, is summarized by Browning et al.
(2014) and Crossley and Winter (2015).
Interestingly, despite the growing concern about the quality of re-
call data, there are few systematic comparisons of simple recall ex-
penditure questions with diary measures. The Canadian Food
Expenditure Survey (FoodEx) provides a unique opportunity to study
how food expenditure measures constructed from simple recall ques-
tions compare to those obtained from expenditure diaries. The survey
asks respondents to ﬁrst estimate their household’s food expenditure
over the past four weeks, and then to record food expenditure in a diary
for two weeks. Thus it allows for within-subject comparisons. Most ex-
isting studies of measurement error in expenditure survey use between-
http://dx.doi.org/10.1016/j.foodpol.2017.08.012
⁎ Corresponding author.
E-mail addresses: brzozows@yorku.ca (M. Brzozowski), tcross@essex.ac.uk (T.F. Crossley), winter@lmu.de (J.K. Winter).
1 Though the PSID has been increasing the breadth of the expenditure information it collects. See Andreski et al. (2014).
Food Policy xxx (xxxx) xxx–xxx
0306-9192/ © 2017 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY license (http://creativecommons.org/licenses/BY/4.0/).
Please cite this article as: Brzozowski, M., Food Policy (2017), http://dx.doi.org/10.1016/j.foodpol.2017.08.012
subject designs. For example, Battistin et al. (2003) and Browning et al.
(2003) compare data from diﬀerent surveys, so that corrections must be
made for diﬀerences in sample design, coverage etc. Gibson (2002),
Beegle et al. (2012) and Battistin and Padula (2013) compare multiple
samples from a single survey. This allows for a direct estimate of dif-
ference in distributions, it does not allow for an examination of the
distribution of diﬀerences between recall and diary records. In contrast,
a within-subject design allows for calculation of a recall-diary diﬀer-
ence for each household, and for an examination of the properties of
those diﬀerences. Of course this advantage must be balanced against
potential disadvantages of a within-subject design, and we discuss this
further below.
In their Handbook of Econometrics survey, Bound et al. (2001) em-
phasize that while econometric methods for dealing with measurement
error typically assume that measurement errors are “classical”, much of
the available empirical evidence contradicts this assumption. They also
emphasize the usefulness of validation data in characterizing the joint
distribution of error-ridden measures and their true values, and for
testing the assumption of classical measurement error or other as-
sumptions about measurement error. Bound et al. report evidence on
measurement error in a variety of constructs (for example wages and
earnings) but not food expenditure.
The FoodEx was not a designed validation study. However, because
diary measures are widely considered the gold standard for collecting
expenditure information, and because of the within-subject design, it is
possible to use treat the FoodEx as an approximation to a validation
study of the recall data, and to carry out analyses similar to those dis-
cussed by Bound et al. At the same time, how well the FoodEx ap-
proximates a genuine validation study depends on how well the diary
measures capture true expenditure, and we also investigate this ques-
tion.
The next section of this paper describes the Canadian Food
Expenditure survey as well as a second, more widely used Canadian
expenditure survey (the Family Expenditure Survey or FamEx), which
also collects recall food consumption data. This section also provides a
preliminary analysis of the diﬀerent food expenditure measures avail-
able in the two surveys.
In Section 3, we calculate errors in recall food expendiure, using the
diary measures to construct “true” food expenditure in a number of
diﬀerent ways. Under the assumption that true food expenditure can be
constructed from the diary records, measurement errors in recall food
expenditure data appear to be substantial, and they do not have the
properties of classical measurement error. In particular, they are neither
mean independent of true expenditure nor homoscedastic. They are
also not well approximated by a normal distribution. However, we also
show evidence that diary measures are themselves imperfect. This
suggests alternative interpretations for the diﬀerences between recall
and diary expenditure measures.
Finally, Section 4 oﬀers some concluding remarks.
2. Canadian household expenditure surveys
The 1996 Canadian Food Expenditure Survey (FoodEx) was a large,
nationally representative survey of Canadian households. Respondents
were asked basic demographic questions and recall food expenditure
questions. In addition, they were asked to record every food purchase in
a diary, for two contiguous weeks. Conducting the survey involved
three visits to each household. At the initial visit, demographic and
recall food expenditure questions are asked. In addition, respondents
were instructed on the proper technique for ﬁlling out the food ex-
penditure diaries. After a week the ﬁrst diary was collected and the
household received another second blank diary in which to record
purchases made in the following week. This second diary was collected
during the third visit. During the second and third visits, the inter-
viewers double-checked the diaries and veriﬁed the exactness and
fullness of the responses. The survey was run continuously throughout
the year so that the seasonality of purchases is not an issue. The initial
response rate was 76 percent, and there were 10,898 responding
households. Attrition between the ﬁrst and second week was less than 2
percent. Statistics Canada provides household weights that take account
of the survey design and non-response, but not of attrition between the
two weeks. Further details can be found in Statistics Canada (1999).
For the purposes of this paper, the key feature of the FoodEx is that
each household is asked recall food expenditure questions as well as
recording food expenditures in diaries. As noted above, this allows for a
within-subject design. For a validation study, a within-subject design
has the important advantage that the diﬀerence between the data being
assessed (here the recall data) and the superior data (the diary) can be
calculated for each responding unit. This allows for a direct analysis of
these diﬀerences. If the superior data closely approximate the truth,
these diﬀerences reveal the measurement errors in the data being as-
sessed at the level of the responding unit. This in turn reveals key
properties of the measurement error (such as whether the measurement
error correlated with the true value).
Against this, there may be important disadvantages of a within-
subject design. Perhaps the most important is the possibility of cross-
contamination between the two measures. It may be that the expecta-
tion of completing a diary inﬂuences the eﬀort that households put into
their recall estimate of food expenditures or other aspects of the recall
response. Equally, it may be that having oﬀered a recall estimate aﬀects
diary behaviour. A between-subject design does not suﬀer from this
possibility. Below we describe how we use a second Canadian ex-
penditure survey to provide some evidence on cross-contamination.
A second possible concern with comparisons such as the one al-
lowed by the FoodEx was raised by Gibson (2002).2 He notes that in the
FoodEx, the beginning of the recall period is not marked by a visit from
an interviewer, whereas the diary period is. This may lead to “tele-
scoping errors” in the recall data. We believe this is not a problem, for
two reasons. First, most of the empirical evidence on telescoping is for
larger, irregularly purchased items, like home repairs, and not for more
regularly purchased expenditure categories like food.3 Second since
almost all simple recall expenditure questions longitudinal and mul-
tiple-domain surveys in developed countries share this possible pro-
blem, the FoodEx allows the appropriate comparison: between diary
collection and recall information as usually collected in such surveys. A
study of recall expenditure data from a survey in which the recall
measure was marked by a visit from an interviewer would not be as
informative about the recall expenditure data in the longitudinal sur-
veys listed in the Introduction.
The exact wording of the key recall food expenditure questions is as
follows:
In the last four weeks…
Q1. How much do you estimate this household spent on food and other
groceries purchased from stores (including farmer stalls and home de-
livery)? Exclude periods away from home overnight or longer. Report
bulk purchases of food for canning, freezing in question 3.
Q2. About how much of this amount was for non-food items such as
paper products, household supplies, pet food, alcoholic beverages, etc.?
Surveys that ask simple sets of recall food expenditure questions do
diﬀer somewhat in their formulation. For example, the PSID refers to
the amount the household “usually” spends on food at home, while the
FoodEx refers particularly to the last four weeks.
2 Gibson was responding to a very early version of Ahmed et al. (2010).
3 A key development in the literature on recall expenditure questions was the identi-
ﬁcation of ‘telescoping’ as a signiﬁcant problem by Neter and Waksberg (1964). This is
the phenomena of respondents erroneously including in their response expenditures that
occurred before the speciﬁed recall period, leading to an over-estimation of expenditure
in the recall period. See Browning et al. (2014) and Crossley and Winter (2015) for
further discussion.
M. Brzozowski et al. Food Policy xxx (xxxx) xxx–xxx
2
We construct recall food expenditure as Q1 – Q2. From a total of
10,898 respondent households, this quantity is available for all but 220
households, a very low rate of item non-response (2 percent).
Although comparison of recall and diary data within the FoodEx is
the main focus of our analysis, we can also compare the FoodEx data to
data from a second large Canadian survey. The 1996 Family
Expenditure Survey (FamEx) is a full household expenditure survey
(collecting information on all categories of expenditure).4 Unlike most
national expenditure surveys, the FamEx does not have a diary com-
ponent. Instead, face-to-face interviews are conducted in the ﬁrst
quarter to collect income and expenditure information for the previous
year (thus the 1996 data were collected in January, February and
March of 1997 but refer to the 1996 year calendar year). The FamEx is
therefore an unusual kind of recall survey. For food expenditure, the
FamEx asks a very simple two-question sequence almost identical to the
FoodEx questions given above.
Considerable eﬀort is made to ensure the quality of the FamEx data.
Barrett et al. (2015) show that the main Canadian budget survey out-
performs other similar national budget surveys in developed countries
(particularly the UK, the US and Australia) with respect to the match of
food totals to the national accounts. Statistics Canada also undertakes
various checks of the data and the data are generally thought to be of
very good quality.5 There are 10,085 respondent households in the
1996 FamEx.6
Because the FamEx collects annual data and the FoodEx survey is
run continuously over the year, they refer to the same time period. The
surveys were based on the same (Labour Force Survey) sampling frame.
Thus these two surveys readily lend themselves to comparison.7
Summary statistics comparing the two data sets are presented in a
supplemental appendix (see Appendix Table A1). Our main interest in
the FamEx follows from the fact that although the recall food ex-
penditure questions are very similar to the FoodEx, respondents are not
also asked to complete expenditure diaries. Thus comparisons of the
FoodEx and FamEx recall responses allow us to assess the possibility
that anticipation of completing a diary aﬀects the recall responses in the
FoodEx.
In summary then, we have four distinct data items that capture the
distribution of food expenditure in Canada in 1996. These are:
(i) The “food at home” expenditure category in the FamEx.
(ii) The recall food expenditure measure we construct for the FoodEx
(described above).
(iii) Food expenditures recorded in the ﬁrst week diary of the FoodEx.
(iv) Food expenditures recorded in the second week diary of the
FoodEx.
We have multiplied the second by 13 and the third and fourth by 52
so that all are annual measures.
Fig. 1 displays the empirical cumulative distribution of these four
measures, while Table 1 reports the mean, median and coeﬃcient of
variation for these four measures as well as for budget shares and in-
come in the two surveys.8 Several features are notable. First, the recall
responses in the FoodEx and FamEx are very similar. Those two dis-
tributions in Fig. 1 are diﬃcult to distinguish and median and coeﬃ-
cient of variation is identical to two digits for these two measures. The
mean is also close. Recall that the two sets of recall questions are almost
identical but respondents to the FamEx are not asked to complete ex-
penditure diaries. From this comparison we conclude that responses to
the FoodEx recall question are not aﬀected by anticipation of com-
pleting the diary. Unfortunately, this comparison is silent with regard to
contamination in the other direction: it does not rule out the possibility
that diary response behaviour is aﬀected by having given a recall es-
timate.
A second observation is that the diary records are considerably
lower than the recall responses of the same individuals (in the FoodEx)
or a second sample drawn from the same population (the FamEx).
Gieseman (1987) and Bee et al. (2015) report that the recall measure of
food US Consumer Expenditure Interview Survey is on average higher
than the diary measure in the US Consumer Expenditure Diary survey,
and that recall totals are closer to the PCE numbers from the National
Income and Product Accounts (NIPA).
Third, the diary records are considerably more variable than the
recall records. In household expenditure surveys, respondents are ty-
pically asked to keep diaries only for short periods, partly in recognition
that careful completion of a diary implies signiﬁcant respondent
burden. For categories of expenditure that are purchased irregularly, or
at regular intervals that exceed the duration of diary keeping, in-
frequency problems will arise. With modern freezing and refrigeration
technologies, many types of food can be stored. Even in less developed
economies, staples such as grains are often purchased in bulk.
Infrequency is a kind of measurement error: a household may over
(or under) estimate their true rate of expenditure if the diary keeping
period happens to include (or not include) a major purchase. While this
may not aﬀect estimates of average expenditure across households it
certainly increases dispersion will therefore bias estimates of food
poverty.
Fourth, there is a notable drop oﬀ, of more than 10 percent on
average, between the ﬁrst and second week of the diary. The drop oﬀ
between the ﬁrst and second week of the diary seems to be evidence of
“diary fatigue” or “diary exhaustion”. Statistics Canada (1999)
Annual Food at home 
Expenditure 
1996 Can $ 
FamEx 
FoodEx Diary Week 1 
FoodEx Diary Week 2
FoodEx Recall 
100 1000 10000
0
.5
1
Em
pi
ric
al
 C
um
ul
at
iv
e 
D
en
si
ty
 
Fig. 1. Food expenditure, empirical CDFs.
4 The FamEx (and its subsequent replacement, the Survey of Household Spending) are
the surveys that are used to determine the weights for the Consumer Price Index in
Canada. They have also been extensively used for demand analysis.
5 Respondent households are asked to consult bills and receipts and income is carefully
reconciled with expenditures and savings. In some cases, multiple visits to a household
are made. Further details on the quality of this data are in Brzozowski and Crossley
(2011).
6 Statistics Canada reports that the response rate to the FamEx surveys is about 75%.
7 The only signiﬁcant obstacle to the direct comparison of the data stems from dif-
ferences in the household income information included in the ﬁles. The FamEx ﬁle in-
cludes only net household income while the FoodEx ﬁle includes only gross household
income (the FoodEx ﬁle does not contain personal income data). However, the FamEx
also includes gross personal income for head and spouse, and thus the FamEx income
variable used in our analysis below is constructed as the sum of these two items. This
obviously is an imperfect match to the FoodEx income information when there are ad-
ditional earners in the household. A second minor diﬀerence between the data sets
concerns the top coding of numbers of diﬀerent types of persons (children, young adults,
adults, seniors) in the household. For the Foodex these are recorded as 0, 1 or (2 or more).
In the FamEx, the top-coding is at 3. In both data sets total household size is top-coded at
6.
8 Empirical cumulative distributions for income and budget shares are presented in
Appendix Tables A1 and A2.
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concludes that diary exhaustion was a signiﬁcant factor aﬀecting ac-
curacy of the responses. They report that, in addition to the between
week diﬀerences, within week responses tended to be signiﬁcantly
larger for the earlier days of either week. Such exhaustion eﬀects in
expenditure diaries have been known for a long time (Kemsley, 1961;
Turner, 1961; Sudman and Ferber, 1971; McWhinney and Champion,
1974.) Similar phenomena have been reported in the diary sample of
the U.S. Consumer Expenditure Survey (CEX) (Silberstein and Scott,
1991; Stephens, 2003) and in the U.K. Family Expenditure Survey
(Tanner, 1998).
We have no way with these data to assess whether diary response
behaviour is aﬀected by having given a recall estimate. However, be-
cause the problems we identify in the diary data (infrequency, diary
fatigue) are shared by other developed-country diary-based expenditure
surveys (in the U.S and the U.K., for example), we do not believe that
the broad features of diary reporting behaviour in the FoodEx are due to
priming with the recall question.
Tables 2 and 3 and Fig. 2 provide some supplemental analysis of
diary fatigue in the FoodEx. Table 2 reports a regression of week-on-
week changes on observable characteristics of households. The cov-
ariates are coded as deviations from means, so that the constant in the
regression is just the average week-on-week change in the sample
(converted to an annual amount). Week-on-week changes in recorded
food expenditure are largely unrelated to observable household char-
acteristics. The one exception is that households from the Atlantic
Provinces exhibit (on average) less diary fatigue. Table 3 examines the
week-on-week change in recorded outlay by expenditure category and
by store type. The results suggest that records of small items (coﬀee and
tea, non-alcoholic beverages, sugar), and especially purchases from
convenience stores decline from week one to week two. Fig. 2 illustrates
that week-on-week changes in recorded expenditures are both positive
and negative, are highly variable, and roughly symmetric around the
(negative) mean.
Because diary records are usually thought to be quite accurate, the
usual interpretation of the gap between the diary and recall measures
might be that the latter suﬀer from signiﬁcant over-reporting. However,
the signiﬁcant diary fatigue evident in the diary records suggests the
possibility that the diary records (and even the ﬁrst week diary records)
suﬀer from signiﬁcant under-reporting. This is in fact the conclusion
reached by Statistics Canada which routinely inﬂates the diary in-
formation in publicly released data by the factor necessary to match the
recall information.9 (We have undone this adjustment for the purposes
of our analysis.)
Fig. 3 displays histograms of the four food expenditure measures
(note that, in this ﬁgure only, amounts are weekly rather than annual).
These suggest that both diary and recall data may suﬀer from their own
particular problems. In particular, the diary data exhibit signiﬁcant
numbers of zeros (as much as 10% of the sample each week). Since it is
implausible that this large a fraction of the sample is fasting, a natural
Table 1
Summary statistics: annual household food expenditures, income, and budget shares.
FamEx FoodEx
Diary
Week 1
Diary
Week 2
Recall
measure
Sample size 10,085 10,876 10,719 10,678
Food at home
Expenditure
Mean 4336 3854 3432 4156
Median 3900 3261 2839 3911
Coeﬃcient of
variation
0.58 0.82 0.88 0.58
Food at home
Budget Share
Mean 0.15 0.12 0.11 0.12
Median 0.10 0.08 0.07 0.10
Coeﬃcient of
variation
2.70 1.57 2.69 2.22
Income Before
Taxes
Mean 45,716 44,016
Median 38,500 37,200
Coeﬃcient of
variation
0.73 0.75
Notes:
a. The 1996 FOODEX contains 10,898 observations (households). 22 did not submit a ﬁrst
week diary while 179 did not submit a second week diary. The attrition rate (from week 1
to week 2) was 1.6%. 220 households did not provide a recall food expenditure estimate.
b. Statistics are calculated using survey weights.
Table 2
Regression analysis: week on week change in food expenditure diary. Dependent
Variable: (Week 1 Diary−Week 2 Diary) × 52.
Coef. (Standard error)
ln pcy 54.45 (59.39)
(ln pcy)2 −0.46 (0.58)
Log household size −753.66 (687.31)
Presence of children (0–15) 137.26 (171.33)
Presence of youths (16–24) −3.22 (126.61)
Presence of seniors (65+) 6.23 (102.91)
2nd Earner in Household −108.77 (125.83)
Constant −418.97* (43.60)
R-squared 0.001
Notes:
a. Regressors are all measured as deviations from means.
b. * indicates p < 0.05.
Table 3
Ratio of mean week 2 expenditure over mean week 1 expenditure
(By Broad Food Categories and Store Types).
All food at home 0.91
By category
Meat 0.91
Fish and other marine products 0.94
Dairy products and eggs 0.91
Bakery and cereal products 0.91
Fruits and nuts 0.91
Vegetables 0.92
Condiments spices and vinegar 0.92
Sugar and sugar preparations 0.86
Coﬀee and tea 0.88
Fats and oils 0.92
Other food 0.93
Non alcoholic beverages 0.84
By Store Type
Food from specialty stores 0.83
Food from convenience stores 0.75
Food from supermarkets 0.93
Food from other stores 0.83
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Fig. 2. Changes in reported food expenditure diary Week 1 to Week 2.
9 The factor that Statistics Canada inﬂates by is 15.8%.
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interpretation is that the diary data suﬀer from purchase infrequency.
There is a small literature on methods for dealing with purchase in-
frequency, including Keen (1986), Pudney (1988, 1989) and Meghir
and Robin (1992). Note that this problem is not entirely resolved by
combining the two weeks of diary data: the combined data still exhibit a
signiﬁcant spike at zero (of about 7%).10
On the other hand, Fig. 3 also suggests that the recall data suﬀer
from considerable heaping and rounding (note the “spikes” in the em-
pirical distribution at round ﬁgures such as $50 and $100). The con-
sequences of such heaping and rounding, and methods for dealing with
it, are discussed in Battistin et al. (2003), Heitjan and Rubin (1990) and
Hoderlein et al. (2015). We now turn to a more detailed analysis of the
diﬀerences between the recall and diary data.
3. Measurement errors in recall food expenditures
Let ∗c be true food expenditure and c be an imperfect measure of
that quantity. Deﬁne = − ∗ε c c so that:
= +
∗c c ε
In order to work with c, it is common to make assumptions about
the characteristics of ε. Typical assumptions include those that char-
acterize “classical” measurement error (Bound et al., 2001): that the
errors are mean zero and independent of the true level of expenditure
and all other variables in the model. In our notation:
(i) ε is mean zero: =E ε[ ] 0,
(ii) ε is mean independent of (or uncorrelated with) ∗c : =∗E ε c E e[ | ] [ ].
Note that a testable implication of this assumption is that a re-
gression of c on ∗c should give a coeﬃcient (on ∗c ) of 1.
(iii) ε is mean independent of other variables, X : =E ε X E ε[ | ] [ ].
(iv) ε is independent of ∗c . This of course implies that higher moments
of ε are not related to ∗c : = = …∗E ε c E ε k[ | ] [ ], 2,3k k , starting with
conditional homoscedasticity: =∗E ε c E ε[ | ] [ ]2 2 .
Sometimes a distributional assumption is added, in particular, that
the measurement error is normally distributed:
(v) ∼ε N σ(0, )2 ,
Finally, it is useful to have a measure of the relative size of ε. A
common measure is the signal-to-noise ratio of c, which is calculated as
−R R/12 2 from a regression of c on ∗c .
If ∗c is observable, these things are all amenable to empirical in-
vestigation. On ﬁrst thought, the FoodEx would seem to oﬀer such a
possibility. In particular, diary records of food expenditure are thought to
be very accurate (see Battistin and Padula, 2013). Thus, a natural ap-
proach is to take the diary information in the FoodEx as true expenditure.
However, the analysis of the previous section suggests that the diary
measures are not prefect. Nevertheless, it is still very informative to
compare the recall data to a superior measure. As Bound et al. (2001)
note, most validation studies do not have a “perfect” or true measure to
which to compare survey responses as even administrative records con-
tain some errors. Moreover, it is common in the literature to assume that
(i) diary records are very accurate, and (ii) the measurement errors in
recall measures have particular (eg. classical) properties. It is certainly
possible to test those hypotheses jointly with these data.
Weekly Food at Home,  
1996 Can $ 
FoodEx Diary Week 1 
0
.05
.1
FamEx 
FoodEx Diary Week 2 
0 40 50 60 70 80 90 100 150
0
.05 
.1
FoodEx Recall 
0 40 50 60 70 80 90100 150 
Fig. 3. Food expenditure, histograms.
10 It is worth noting that while the evidence of diary fatigue does suggest under-re-
porting in the diary measure, infrequency does not necessarily imply under-reporting (at
least on average). To see this, suppose that households have usual food consumption (per
period) of c∗. Suppose further that in any period they go food shopping probability p, so
that when they do, they must purchase c∗/p to maintain usual consumption. Then the
mean of observed purchases, c, (including zeros) is: = + =∗ ∗E c pE c p p E c[ ] [ / ] (0) [ ]. Thus
the mean may not be aﬀected by some kinds of infrequency (the key assumption here is
that purchase frequency, p, is independent of consumption level, c∗.) See Pudney (1989)
for further discussion.
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The question, then, is how to best use the diary information. What
we do is to construct, from the diary records, three alternative measures
of “true” food expenditure, ∗c :
(A) The ﬁrst week diary;
(B) The average of 1st and 2nd week diaries;
(C) The linear projection of the recall measure onto the two diary
measures.
Arguments can be made for each of these measures. (A) has the
virtue that it minimizes the eﬀects of diary exhaustion. On the other
hand, it will be aﬀected more by infrequency than (B). To construct (C)
we regress the recall measure on the diary week records and take the
predicted values from this regression as true expenditure (and hence the
regression error is interpreted as measurement error in the recall
measure). (C) is a weighted average of the ﬁrst and second week of the
diary (plus a constant), where the weights are chosen in a way that
assumes the “best case” for the recall measure: note that this procedure
imposes the assumptions that measurement error is mean zero and
uncorrelated with the true value.
Table 4 presents summary statistics for the measurement error in
recall food expenditures. Each column corresponds to one of the as-
sumptions outlined above (A, B and C) regarding the true value. The
ﬁrst panel shows that the measurement errors have a positive mean if
we take either the ﬁrst week of the diaries or the average of the two
weeks as ∗c ($301 and $512 respectively). In either case, the errors have
negative skew (−0.71 and−0.14 respectively), and have much thicker
tales than the normal distribution (with measures of kurtosis of 10.0
and 12.1 respectively, where the normal distribution would be 3). Our
third procedure (C), which imposes a mean of zero on the measurement
errors, results in a distribution of measurement errors that is positively
skewed, but again with thick tails. Kernel density estimates of all three
distributions are presented in Fig. 4.
The third and fourth panel of Table 4 present tests for mean in-
dependence and homoscedasticity of the error terms. These tests are
implemented by regressing c on ∗c . If the measurement errors are mean
independent (uncorrelated with ∗c ), then the coeﬃcient, β, on ∗c should
be 1. We present a t-test of this hypothesis. We then use a standard
Breusch-Pagan test to test whether the second moment of the mea-
surement errors is independent of ∗c (that is, to test for hetero-
scedasticity in the measurement errors).
If we use the ﬁrst week of the diary or the average of the two weeks
as true food expenditure, then the measurement errors in the recall
measure of food expenditure are strongly and negatively correlated
with the true value. Mean independence is rejected with t-statistics of
−55.8 and −32.2 respectively. Recall that true measure (C) assumes
mean independence. By any measure of true food expenditure, homo-
scedasticity is strongly rejected, with p-values for the Breusch-Pagan
test less than 0.01. Thus even if we impose mean independence (as in
(C)), we reject independence.
The Breusch-Pagan tests uses residuals from the regression of recall
expenditure on ∗c . Squares of those residuals are regressed on ∗c and ∗c
squared. Regardless of the choice of ∗c , the linear term is always
strongly negative and the quadratic term positive; in each case the es-
timated elasticity of the squared measurement error with respect to ∗c is
negative at the mean of ∗c .11 The nature of the heteroscedasticity seems
to be that the measurement error variance falls with value of “true”
expenditure, but at a decreasing rate.
In the next (5th) panel of Table 4 we present Kolmogorov-Smirnov
tests of normality of the implied measurement errors. In all three cases,
normality is strongly rejected, with p-values less than 0.001.
Finally, we calculate the signal-to-noise ratio for c under each of our
assumptions about ∗c . These suggest that the measurement errors in c
are very substantial. If we take the ﬁrst week diary record to be ∗c , the
signal-to-noise ratio in c is only 0.22. With either of the other two
measures of ∗c the signal to noise ratio in c rises to 0.36 (diﬀering only
beyond the fourth decimal place.) Equivalently, 70–80% of the cross-
sectional variance in recall expenditure is measurement error. This is a
very large number, but it is not unprecedented. For example, on the
basis of serial correlation in the errors in consumption growth equa-
tions, Runkle (1991; pg 86) concludes “that approximately 76 percent
of that portion of the variance in the growth rate of consumption un-
explained by family-speciﬁc real interest rates is the result of mea-
surement error” (where consumption is food expenditure as measured
in the PSID).12
Table 5 presents the results of regressing the implied measurement
errors on variables typically used in the modelling of expenditure: in-
come, and demographic variables. If we take either the ﬁrst week diary
measure (A) or the un-weighted average of the two weeks (B) as true
expenditure, then these income and demographic variables do not seem
to be signiﬁcant determinants of the implied measurement errors, ex-
cept for the presence of youths in the household. The measurement
errors implied by our third procedure (C) appear to be more strongly
related to variables such as income, household size and the presence of
children and youths.13
Table 6 presents the results of regressing the squares of the implied
measurement errors on the same set of variables, in order to further
investigate heteroscedasticity in those errors. Again, the results seem
sensitive to the measure of ∗c used to construct the measurement errors.
The variance of the measurement errors constructed by either
Table 4
Errors in recall food expenditure - descriptive statistics (1996 Can $ per year).
A B C
Mean 301 512 0
Variance 9,198,159 6,057,782 4,297,449
Skewness −0.71 −0.14 1.30
Kurtosis 9.97 12.07 9.50
Percentiles 5% −4431 −3071 −2572
10% −2998 −2007 −2101
25% −1117 −720 −1360
50% 367 428 −307
75% 1913 1741 1024
90% 3560 3223 2490
95% 4797 4390 3696
Test of Mean Independence( =β 1)
−β 1
[t-stat]
−0.67
[−53.9]
−0.52
[−32.8]
=β 1
by construction
Test of Conditional Homoscedasticity B-P test,
Chi2
dfProb > Chi2
194
2
<0.01
558
2
<0.01
566
2
<0.01
K-S test for Normality, < 0.01 < 0.01 < 0.01
p-value
R2 0.19 0.27 0.27
Signal to Noise Ratio 0.23 0.36 0.36
Notes:
a. (A) Assumes ﬁrst week diary measures “true” food expenditure. (B) assumes the
average of 1st and 2nd week diaries measures “true” food expenditure. (C) Assumes the
linear projection of the recall measure onto the two diaries measures “true” expenditure.
b. Signal to Noise Ratio is calculated as R2/1− R2 from a regression of the recall measure
on the assumed “true” measure.
c. Linear Regression of the recall measure on the two diary week records yields:
= + + +Recall 2391.6 0.239 Week1 0.245 Week2 error
(0.012) (0.015)
.
11 The elasticity of a variable, y , with respect to another variable, x , is the percentage
change in y associated with a percentage change in x : y y x x(Δ / )/(Δ / ).
12 Note though that ﬁrst diﬀerencing usually removes signal, so that typically one
would expect measurement error to be a smaller fraction of the variance in levels.
13 The analyses reported in Tables 4–6 were repeated but with observations for which
“true” food consumption was zero deleted from the sample. The results do not diﬀer
signiﬁcantly diﬀer from those reported in Tables 4–6. In particular, it is not the case that
the rejection of normality is driven by these zeros.
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procedure (B) or (C) is signiﬁcantly related to household demographics.
To summarize, this analysis suggests that, if the diary measures are
accurate, the measurement errors in recall food expenditure are large,
do not satisfy the “classical” measurement error assumptions, and are
not normally distributed.
In the inter-temporal consumption literature it is common to work
with the logarithm of expenditure and to model the measurement error
as multiplicative rather than additive. In this case assumption i. is re-
placed by = =∗E E c c[e ] [ / ] 1ε and eε is typically assumed to be log-
normally distributed. Thus ε, which is now the diﬀerence between cln
and ∗cln is normally distributed (but not with mean 0):
∼ −ε N σ σ( /2, )2 2 . The assumption of independence of ∗c (and hence
∗cln ) is maintained. Accordingly, we repeated the analysis described
above, but working in logarithms, rather than levels, of food
expenditure. The results are available in a supplemental appendix.14
The results for logarithms are quite similar to those for levels. We ﬁnd
evidence of negative correlation between the measurement errors and
true values, except where it is zero by construction. We also reject
homoscedasticity, and normality of the errors. The signal-to-noise ratios
are again quite low. The coeﬃcients of the linear (in ∗cln ) terms of the
Breusch-Pagan regressions are again strongly negative and their abso-
lute value is larger by orders of magnitude than the positive coeﬃcients
on the quadratic terms. Thus the elasticity of the measurement error
variance with respect to ∗cln is estimated to be negative at the mean of
D
en
si
ty
A. First Week Diary is “True” Expenditure
-15000 -10000 -5000 0 5000 10000 15000
0
.00005
.0001
.00015
.0002
D
en
si
ty
C. Projection of Estimate onto Diaries is 
“True” Expenditure
-10000 -7500 -5000 -2500 0 2500 5000 7500 10000
0
.0001
.0002
.0003
D
en
si
ty
B. Average Diary is “True” Expenditure
-10000 -7500-5000 -2500 0 2500 5000 7500 10000
0
.0001
.0002
.0003
Kernel Density Estimate 
Fitted Normal Density 
ο
οο
Fig. 4. Errors in recall food expenditure.
Table 5
Errors in recall food expenditure – regression on covariates (1996 Can $ per year).
A B C
Coef (Std Err) Coef (Std Err) Coef (Std Err)
ln pcy 1.64 (55.29) −25.59 (40.63) *139.41 (31.42)
(ln pcy)2 <0.01 (0.54) 0.24 (0.38) *−0.82 (0.29)
Log household size −181.58 (635.54) 195.25 (475.72) *−900.01 (363.99)
Presence of children (0–15) 214.70 (160.08) 146.06 (120.68) *−198.22 (89.99)
Presence of youths (16–24) *373.79 (114.29) *375.40 (92.38) *181.72 (71.86)
Presence of seniors (65+) −142.65 (97.89) −145.76 (76.84) −48.11 (60.69)
2nd Earner in Household −91.88 (119.51) −37.50 (94.61) −51.16 (74.54)
Constant *291.03 (40.01) *500.51 (31.85) −7.12 (24.79)
Notes:
a. (A) Assumes ﬁrst week diary measures “true” food expenditure. (B) assumes the average of 1st and 2nd week diaries measures “true” food expenditure. (C) Assumes the linear projection
of the recall measure onto the two diaries measures “true” expenditure.
b. All explanatory variables have been mean diﬀerenced.
c. * indicates p < 0.05.
14 See Appendix Tables A2, A3 and A4, which parallel the format of Tables 4–6 re-
spectively, and Appendix Fig. A3.
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∗cln (and, indeed, even at its 99th percentile). We ﬁnd more evidence in
logarithms (than in levels) that the mean of the measurement errors is
systematically related to income and demographics. There is also con-
siderable evidence that the measurement error variance is related to
household demographics as well.
4. Conclusion
The Canadian FoodEx survey allows for the comparison of simple
recall food expenditure questions with diary methods of collecting food
expenditure data using a within-subject design. Simple recall food ex-
penditure questions are widely used in multi-domain and longitudinal
surveys in developed countries. For a validation study, a within-subject
design has the important advantage that the diﬀerence between the
data being assessed (here the recall data) and the superior data (the
diary) can be calculated for each responding unit. If the superior data
closely approximate the truth, these diﬀerences reveal the measure-
ment errors in the data at the level of the responding unit. This in turn
reveals key properties of the measurement error (such as whether the
measurement error is correlated with the true value).
If we follow the literature in assuming that the diary information on
food expenditure is very accurate (at least much more so than the recall
data), the FoodEx data suggest that simple recall food expenditure
questions generate large measurement errors, and that those measure-
ment errors do not have the properties of “classical” measurement
error. In particular, our analysis suggests that the measurement errors
are negatively correlated with the true values. Put another way, the
data strongly reject two pairs of joint hypotheses: that the diary records
and recall estimates are both accurate, or, that the diary records are
accurate and the recall estimates suﬀers from classical measurement
error.
However, our analysis also documented evidence of several kinds of
problems with the diary data (including infrequency and diary exhaus-
tion). There is evidence of similar problems in other diary based ex-
penditure surveys. For example, in a recent study Bee et al. (2015) report
a series of analyses of data from separate diary and recall surveys con-
ducted in the U.S. that seem to suggest the recall data is of better quality.
If one is open to the possibility that the diary data contain substantial
measurement error, or even that they measure expenditure well but over
the period usually covered by diaries (one to two weeks) there can be
substantial deviation from a longer run average of expenditure, then our
results are subject to alternative interpretations. In that case, what we
have studied is the diﬀerence (at the household level) of the measure-
ment errors in the recall estimates and diary records. Some of the error
properties we have documented might be attributable to the diary re-
cords. For example, signiﬁcant purchase infrequency in the diary records
would generate the (negative) mean dependence we observe.
Overall, our analysis of the FoodEx data suggests that superiority of
diary data may not be as obvious as the literature suggests. This is an
issue that could bear further scrutiny. Indeed, the relative merits of
recall and diary methods for expenditure data have ﬁgured prominently
in the recent debate about the redesign of the Consumer Expenditure
surveys in the U.S. The main report of the National Academic of Science
panel commissioned to consider redesign options recommended that in
the future the survey should rely on supported self-completion. This
means diaries, but diaries employing new technologies (Natl. Res.
Counc., 2013). A dissent to that report argued that there was con-
siderable evidence to suggest recall expenditure questions produced
superior data to diaries, referring to the work of Bee, Meyer and Sul-
livan cited above, as well as an earlier version of the analysis reported
in this paper.15 There is a clear need for more robust evidence on the
best way to collect expenditure information broadly, and food ex-
penditure information in particular.
The FoodEx allows a comparison between a simple sequence of
recall food expenditure questions that is typical of multi-domain and
longitudinal surveys in more developed countries, and expenditure
diaries as typically implemented in budget surveys in more developed
countries. In both cases there may important diﬀerences with food
expenditure surveys in developing countries. Recall-based expenditure
surveys in developing countries may collect much more disaggregate
information. Diary-based collection of expenditures in poor populations
may not suﬀer from the fatigue and compliance problems evident in the
FoodEx (and other developed-country diary-based surveys). Instead,
key obstacles to diary completion in developing countries may revolve
around respondent literacy and numeracy. It may also be possible to
administer diaries in lower income countries in ways that cost and re-
spondent burden might preclude in high income countries. For ex-
ample, Beegle et al. (2012) report good success with intensively-su-
pervised, personal expenditure diaries in Tanzania.
While these caveats are important, it is also true that many of the
world’s poor now live in middle income countries (Kanbur and Sumner,
2012). As such countries face new social and economic challenges, such
as population ageing, their data needs will come to more closely re-
semble the data needs of developed countries. Multi-domain surveys
that collect data on expenditure alongside information from other do-
mains (work, health, demographics) allow researchers to study the
context and causes of food spending patterns and food security. Long-
itudinal surveys with food expenditure questions allow for the study of
Table 6
Squared errors in recall food expenditure –regression on covariates (1996 Can $ per year).
A B C
Coef (Std Err) Coef (Std Err) Coef (Std Err)
ln pcy 358,423 (671,381) *794,247 (283,436) *406,701 (232,427)
(ln pcy)2 1707 (7184) −4293 (2608) −431 (2257)
Log household size −1,920,796 (7,401,677) *−7,366,240 (3,419,272) *−6,403,234 (2,654,562)
Presence of children (0–15) −2,854,017 (1,851,392) *−2,022,081 (762,104) *−1,206,404 (462,913)
Presence of youths (16–24) −395,027 (941,823) 663,679 (547,176) *942,777 (368,182)
Presence of seniors (65+) −1,141,612 (858,817) −376,535 (479,492) −150,472 (351,927)
2nd Earner in Household −1,154,663 (1,009,227) *−1,573,653 (637,308) *−941,136 (507,728)
Constant *9,245,786 (348,872) *6,121,834 (208,103) *4,160,967 (151,546)
Notes:
a. (A) Assumes ﬁrst week diary measures “true” food expenditure. (B) assumes the average of 1st and 2nd week diaries measures “true” food expenditure. (C) Assumes the linear projection
of the recall measure onto the two diaries measures “true” expenditure.
b. All explanatory variables have been mean diﬀerenced.
c. * indicates p < 0.05.
15 In terms of new technologies, the main report of the commission argued that web
diaries were not the right technology going forward, advocating instead providing re-
spondent households with tablet computers with a diary application. However, the
eventual redesign proposal of the BLS rejected tablets in favour of web diaries. http://
www.bls.gov/cex/geminiproject.htm#news (last accessed: 07/12/2016).
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the dynamics of food spending patterns and food security. Thus, evi-
dence from Canada and other developed countries on the eﬃcacy of
diﬀerent survey methods can usefully feed into forward-looking data
strategies for low and middle income countries.
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